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ABSTRACT 

Eleven populations of chum salmon (Oncorhynchus keta) sampled in  1978 o r  
1979 were examined f o r  a c t i v i t y  of eighteen enzymes. Thirty-three genetic 
loci  which provide the code f o r  these enzymes were successfully iden t i f i ed  
in most of these populations. These data were collected t o  develop gene 
frequency prof i l e s  f o r  use as  qua1 i t y  control indicators  in hatchery s tocks ,  
t o  invest igate  the genetic s t ruc tu r ing  of chum salmon populations, and t o  
iden t i fy  va r ian t  a l l e l e s  which can be used as genetic markers in  hatchery 
stocks o r  experimental treatment groups. Of the 33 loci  examined, four (12%) 
were polymorphic w i t h  the va r ian t  a l l e l e  frequency grea te r  than .05. Two 
addit ional  loci  had ra re  a l l e l e s  a t  l e s s  than .05 frequency. 

Average heterozygosity (H) , was calculated f o r  each population and genetic 
distance ( D )  f o r  each pa i r  of populations. Average heterozygosity f o r  pop- 
u la t ions  sampled in  1979 ranged from 3.0-3.5% with a mean of 3.2%. These 
values a r e  s imi lar  t o  those reported i n  the l i t e r a t u r e  f o r  o ther  populations 
and could serve as baseline data f o r  qua l i ty  control in these populations. 
Genetic distance ranged from ,0002 t o  .0021 and was corre la ted w i t h  geographic 
distance ( r  = .77; P < .01). 

Continued refinement of techniques and increase i n  number of populations and 
loci  examined wi l l  provide a more accurate p ic tu re  of the genetic s t r uc tu r e  
of chum salmon stocks.  

KEY WORDS: Oncorhynchus k e t a ,  population genet ics ,  
biochemical genet ics ,  heterozygosity, 
genetic d is tance ,  genetic s t ructure .  



INTRODUCTION 

A F i s h  Genetics Laboratory has been es tab l i shed  w i t h i n  t h e  F i she r i es  Rehab- 
i l i t a t i o n ,  Enhancement, and Development D i v i s i on ,  Alaska Department o f  F i s h  
and Game t o  p r o t e c t  t he  genet ic  d i v e r s i t y  of w i l d  P a c i f i c  salmon (Oncorhynchus 
sp.) s tocks and t o  increase the  p roduc t i ve  e f f i c i e n c y  o f  ha tcher ies  through 
the development and implementat ion o f  r a t i o n a l  genet ic  p o l i c i e s  and proce- 
dures. I n  o rder  t o  accomplish t h i s ,  a  b e t t e r  understanding of t he  genet ics 
o f  salmon, p a r t i c u l a r l y  t h e  breeding s t r u c t u r e  o f  popu la t ions ,  i s  be ing 
sought through biochemical genet ic  screening o f  popu la t ions  us ing  t h e  com- 
b ined techniques o f  s tarch-gel  e lec t ropho res i s  and h i  stochemical s t a i n i n g .  

This enzyme methodology, developed by Hunter and Marker t  ( 1  957) has s ince  
been used by popu la t ion  b i o l o g i s t s  t o  descr ibe  genet ic  v a r i a t i o n  present  i n  
n a t u r a l  populat ions.  U t t e r  and Hodgins (1  970), Seeb and Grant (1976), Seeb 
and Wishard (1 977), Grant (1 977), Johnson (1  979), and many o t h e r  researchers 
have descr ibed biochemical genet ic  v a r i a t i o n  i n  Nor th  P a c i f i c  salmon popula- 
t i o n s .  The a p p l i c a t i o n s  o f  t h i s  technique t o  f i s h e r i e s ,  p a r t i c u l a r l y  salmon 
management, have been reviewed by U t t e r  e t  a1 . ( 1  974) and A1 l e n d o r f  and 
U t t e r  (1 979). 

This  paper i s  a  r e p o r t  o f  t he  work t h a t  has been done i n  Alaska on chum s a l -  
mon (0. keta) popu la t ions  i n  1978 and 1979. Eleven chum salmon popu la t ions  
des t ined  t o  become brood s tock  f o r  S ta te  ha tcher ies  were screened f o r  genet ic  
v a r i a t i o n .  The pr imary o b j e c t i v e  was t o  generate biochemical genet ic  p r o f i l e s  
o f  these populat ions.  From these p r o f i l e s  we can est imate genet ic  v a r i a t i o n ,  
genet ic  d is tance,  i d e n t i f y  popu la t ions  o r  popu la t i on  groups t o  a i d  i n  s tock  
separat ion,  and prov ide  i n s i g h t  i n t o  t he  p o s s i b i l i t y  o f  genet ic  marking. 

MATERIALS AND METHODS 

The techniques o f  h o r i z o n t a l  s ta rch  ge l  e lec t ropho res i s  and h is tochemical  
s t a i n i n g  have been o u t l i n e d  i n  d e t a i l  by U t t e r  e t  a l .  (1974) and May (1975). 
For b e t t e r  r e s o l u t i o n  under our cond i t i ons  a  few mod i f i ca t i ons  on the  des- 
c r i b e d  techniques were made. 

Tissue Preparat ion 

Eyes, hear t ,  l i v e r ,  and muscle samples were taken from f r e s h l y  k i l l e d  spawn- 
i n g  chum salmon a t  13 l o c a t i o n s  throughout Alaska (Tables 1 and 2) .  These 
samples were iced ,  f rozen as soon as poss ib le ,  and s to red  a t  -20°C u n t i l  
needed. A sec t i on  of t h i s  f rozen t i s s u e  was p laced i n  a  12 x 75 mm g lass 
tube w i t h  an equal amount o f  d i s t i l l e d  water,  ground w i t h  a  g lass rod, and 
re f rozen.  A f t e r  thawing, the supernatant f l u i d  was used f o r  e lec t rophores is .  

E lec t rophores is  

Twelve percent  s o l u t i o n s  of hydrolyzed po ta to  s ta rch  and one o f  t h ree  b u f f e r  
systems were used t o  make the  gels :  ( 1 )  A d iscont inuous t r i s ,  c i t r i c  a c i d  



Table 1 .  Alaskan chum salmon populat ions sampled i n  1978. 

Population Location - Southeastern 

Disappearance Creek Prince of Wales I s land  East (Ketchi kan) 

Crystal  Creek M i  tkof  I s land  (South Petersburg)  

W .  Kupreanof I s  1 and1 
Tunehean Creek 
I r i s h  Creek 
Hami 1 ton River 

Kupreanof I s land  (Pe tersburg)  

Cl e a r  River Baranof I s land  East (Si t k a )  

Kadashan Creek Chichagof I s land  East 

Prospect Creek Mainland south of Juneau 

Limestone Creek Mainland south of Juneau 

3 small populat ions pooled (N=18) 

Table 2.  Alaskan chum salmon populat ions sampled i n  1979. 

Population Location 

Crystal  Creek Southeast  (Pe tersburg)  

Crooked Creek Prince Wi 11 iam Sound (Valdez) 

Kizhuyak River Kodiak Is land  (Kodiak) 

Russel 1 Creek Alaska Peninsula (Cold Bay) 

Delta River I n t e r i o r  - Fairbanks (Delta  Junc t ion )  



gel (pH 8.1) and lithuim hydroxide, boric acid tray buffer (pH 8.0) described 
by Ridgway e t  a1 . (1 970) ; (2)  a ci t r a t e  amine buffer (pH 6.1 ) described by 
Clayton and Tretiak (1972); and (3)  a Tris ,  boric acid,  EDTA buffer (pH 8.6) 
described by Markert and Faul haber (1 965). After the gels were s e t ,  f i l t e r  
paper wicks soaked in t issue extract were placed in a cut made 6 cm from one 
edge. Electric current was applied for  10 minutes, wicks removed, and electro- 
phoresis resumed for  approximately 4 hours. 

Staining and Gel Interpretation 

After electrophoresis was completed the starch gels were horizontally sliced 
into 1 mm sections with monofilament thread. Four s l ices  from the center of 
the gel were placed in separate trays and stained for  specific enzymes. The 
s tain solutions were made according t o  Shaw and Prasad (1970) or Harris and 
Hopkinson (1977). The gel s l i c e  and s tain were incubated in darkness a t  4 5 O C  
unti 1 bands became vis ible .  

Results were interpreted within 24 hours and a photograph taken whenever 
possible to  provide a permanent record. Variants were described, enumerated, 
and a l l e l i c  frequencies calculated for  each locus in each population. In 
describing the bands, the most common was designated 100 and the variants 
were given a value corresponding to  the i r  mobility relat ive to  the common 
band. 

I n t e r ~ r e t a t i o n  of Data 

Electrophoresis sometimes produces variation in banding patterns that  i s  not 
genetic. Therefore i t  i s  necessary t o  determine i f  observed variation should 
be interpreted as genetic or as an a r t i f a c t  of the technique. The most power- 
ful evidence i s  the resul ts  of breeding experiments. If the progeny of parents 
with known biochemical differences display phenotypic ra t ios  that  conform to 
a single Mendelian genetic model, then the genetic basis i s  confirmed. With- 
o u t  breeding information several other l ines of evidence can be used. Vari- 
ation i s  assumed to be genetic i f  (1 )  the banding patterns resolved are  inter-  
pretable on the basis of a simple genetic hypothesis; ( 2 )  variation i s  repeat- 
able in the same t issue of an individual; and (3 )  when the locus i s  expressed 
in more than one t i ssue ,  the pattern i s  consistent among tissues.  

S ta t i s t ica l  Procedures 

Gene frequencies were calculated a f t e r  the different  genotypes were enumer- 
ated. Deviations in genotypic frequencies from the Hardy-Weinburg equilibrium 
were detected using Chi-square t e s t  fo r  goodness of f i t .  

Average heterozygosi ty , an estimate of the amount of genetic variation present, 
was calculated by 1-J(x) where J (x )  i s  the arithmetic mean of j ( x ) ,  and j ( x )  
= ex; where xi i s  the frequency of the i t h  a l l e l e  in population X. 

Genetic distance between populations was calculated using Nei ' s  method (1972). 
Genetic distance (D) i s  defined as 

D = -log I and I = (&, 

e 



J (xy ) ,  J ( x ) ,  and J ( y )  a re  the ari thmetic mean of j ( x y ) ,  j ( x ) ,  and j ( y )  where 
j (xy)  = zxiyi ,  j ( x )  = EX!, and j ( y )  = zy? respectively.  xi and y .  a r e  the 

1 
a l l e l  i c  frequencies of populations X and Y a re  the  i t h  locus. I j s  the 
genetic iden t i ty  between populations X and Y. 

To determine i f  the genetic distances between populations were s ign i f ican t ly  
d i f f e r en t  from zero,  a chi-square t e s t  developed by Nei and Roychoudhury 
(1 974) was used. The x2 values were calculated by: 

f o r  each locus and summed over a l l  loci  examined. The degrees of freedom are  
equal t o  the number of a l l e l e s  minus one. 

RESULTS 

Eighteen enzymes encoded by th i r ty - th ree  loci  were successfully iden t i f i ed  in 
most of the eleven populations examined. These enzymes, t h e i r  abbreviations,  
and the number of loci coding them are  l i s t e d  i n  Table 3. For comparisons 
between populations only twenty of these loci  could be used. I f  no a c t i v i t y  
could be detected a t  one of these loci  in a population, the locus was assumed 
t o  be monomorphic t o  minimize any differences.  Of the 33 loci  examined, four 
(12%) were polymorphic w i t h  the  var ian t  frequency greater  than .05. An addi- 
t ional  two loci  had a ra re  var iant  a t  a l e s s  than .05 frequency. The frequen- 
c ies  of the a l l e l e s  a t  each polymorphic locus a r e  given in  Table 4. 

6-phosphogl uconate dehydrogenase (GPGDH) . This enzyme exhibited the three- 
banded heterozyqous and the sinqle-banded common homoz.yqous patterns charac- 
t e r i s t i c  of a dimeric enzyme. Because the a1 ternate  a i i e l e  irequency was low 
we did not see any of the a l t e rna te  homozygous pattern.  In f i ve  of the  popu- 
l a t ions  the incidence of the var iant  a l l e l e  was l e s s  than 5%. Crooked Creek, 
with a small sample s i z e ,  had a var iant  frequency of 10%. 

Phosphomannose isomerase (PMI). This locus was resolved only in  populations 
screened in  1979. A1 1 three banding patterns charac te r i s t i c  of a monomer 
were found i n  a l l  populations. ~ssuming the  banding pat terns  represent geno- 
types, frequencies in a l l  populations f i t  those expected under Hardy-Weinburg 
equilibrium. The var iant  a l l e l e  was often f a i n t  and had the  same mobility as  
the common GPGDH a l l e l e  which sometimes appeared on PMI stained gels.  Breed- 
ing s tudies  a re  necessary here t o  ver i fy  t ha t  t h i s  var ia t ion i s  genetic and 
not an a r t i f a c t  of the  techniques used. 

Peptidase B (PEP-lgg, leucylglycylglycine). This locus had the three pheno- 
types cha rac t e r i s t i c  of a monomeric enzyme in a l l  populations screened. This 
enzyme could not be resolved c lea r ly  enough t o  be in terpreted in  three of the 
populations, although there  was obviously some var ia t ion present. The var iant  
a l l e l e  frequency ranged between .04 and .17 but no obvious geographic trends 
could be established.  



Table 3. Genetic loci  resolved. 

Enzyme Number loci  

Adenosine deami nase ( A D A )  1 

Adenyl a t e  ki nase ( A K )  1 

A1 coho1 dehydrogenase ( A D H )  1 

a-glycerophosphate dehydrogenase ( A G P )  

Creati ne k i  nase ( C K )  

Diaphorase (DIA) 

Esterases (EST) 

Isoci t r a t e  dehydrogenase (IDH) 

Lactate dehydrogenase ( L D H )  

Leuci ne amino pepti dase (LAP) 

Peptidases ( P E P )  

6-phosphogl uconate dehydrogenase (6PGDH) 

Phosphogl ucose i somerase (PGI ) 

Phosphogl ucomutase (PGM) 

Phosphomannose isomerase (PMI ) 

Pyruvate ki nase ( P K )  

Sorbi to1 dehydrogenase (SDH) 

Superoxide di smutase (SOD) 

Total number of loci  



Table 4. Chum salmon gene f r equenc ie s ,  s tandard e r r o r ,  and population s i z e  f o r  each polymorphic locus.  

LOCUS POPULATION 

Disappear. Crys ta l  Kupreanof Clear  Kadashan Prospect 

PEP ( B )  N - 60 18 66 6 4 
100 - - .87 -03 .92 .05 .96 .02 .88 .03 - - 
7 1 - - . I 3  .03 .08 .05 .04 .02 .12 .03 - - 



Table 4 .  C h u m  salmon gene frequencies, standard er ror ,  and population s ize for each polymorphic locus 
(continued). 

LOCUS POPULATION 

Limestone Crooked K i  shuyak Russel l Delta 

PEP ( B )  N 2 0 2 6 8 9 4 9 
100 - - .93 -04 .87 .05 .85 .03 .83 .04 
7 1 - - .07 .04 .13 .05 .15 .03 .17 .04 



a-glycerophosphate dehydrogenase (AGP-3). Three loci  provide the code f o r  
t h i s  enzyme in chum salmon (Ut te r ,  personal communication). Limestone Creek 
in Southeastern Alaska was the  only population with any v a r i a b i l i t y ,  and 
this was r e s t r i c t ed  t o  one heterozygote, showing the typical  dimeric banding 
pat tern  a t  the  t h i rd  locus. 

Lactate dehydrogenase (LDH) . Five LDH loci  a r e  recognized i n  salmonids 
(Morrison and Wright , 1966; Ut ter ,  A1 lendorf , and Hodgi ns 1973). LDH-4, 
best  expressed i n  l i v e r ,  has a f a t  va r ian t  a l l e l e  a t  a frequency l e s s  than 
.05. Only the common and heterozygous genotypes were seen in  Southeastern 
Alaska while other populations were a1 1 monomorphic. This i s  consis tent  
with the f indings of Utter ,  Allendorf, and Hodgins (1973) in North Paci f ic  
and Washington S t a t e  chum salmon. 

I soc i t r a t e  dehydrogenase (IDH). There a r e  two IDH loci  i n  chum salmon. IDH-2, 
a dimer best  expressed in  l i v e r ,  i s  pol.ymorphic f o r  four a l l e l e s .  The four 
a l l e l e  model used t o  describe this system i s  one explained by Utter (personal 
communication). Two a l l e l e s ,  A and B, a r e  most common in a l l  populations w i t h  
frequencies near .5. The frequency of the  B a l l e l e  i n  most Southeastern pop- 
u la t ions  exceeded .5. This i s  obviously d i f f e r en t  from the other populations 
examined where the A a l l e l e  predominates. The frequency of the D a l l e l e  may 
be underestimated here as  i t s  a c t i v i t y  was s l i g h t l y  diminished, hence much more 
d i f f i c u l t  t o  detect .  

Average heterozygosi t y  (H) was estimated f o r  each chum salmon population exam- 
i ned (Table 5 ) .  Average-heterozygosi t y  , which represents the  average proportion 
of heterozygotes per locus, i s  a d i r e c t  estimate of genetic var ia t ion i n  a 
population (Selander and Johnson 1973; Allendorf and Utter 1979). In 1978 
populations H ranged from .0174 t o  .0270 (Mean = .0264) and in 1979 populations 
H ranged from .0298 t o  .0354 (Mean = .0321). - 

Genetic distance was calculated fo r  a l l  combinations of the  eleven populations 
examined (Table 5 ) .  Populations col lected i n  Southeastern Alaska (Crystal 
Lake col lec ted in 1979, a l l  o thers  i n  1978) ranged i n  genetic distance from 
.0002 t o  .0033. When the  Crystal Lake sample i s  eliminated from the South- 
eas tern  samples col lec ted in 1978, genetic distance ranges from .0002 t o  .0009. 
The populations col lec ted in 1979 cover a much wider geographic area and gene- 
t i c  distance ranges from .0002 t o  ,0020. 

Gene frequency prof i l e s  of biochemical genetic loci  can be used f o r  population 
and stock separation s tudies ;  va r ian t  a l l e l e s  can a l so  be used as genetic 
markers in hatchery stocks o r  experimental treatment groups. Our  primary 
reason f o r  co l l ec t ing  frequency prof i l e s  i s  f o r  use as qua l i ty  control indi-  
ca tors  in the Alaska Department of F i s h  and Game hatchery programs. 

The concensus among gene t ic i s t s  i s  t h a t  heterozygosi t y  enhances f i t n e s s  ( v i ab i l -  
i t y ,  v igor ,  fecundity,  f e r t i l i t y ,  e t c . ) .  This bel ief  i s  based on both the 
r e su l t s  of laboratory experiments and the  experience of plant  and animal 



Table 5. Genet ic  d is tance ,  gene t i c  i d e n t i t y ,  and average he te rozygos i t y  o f  chum salmon popu la t ions  sampled 
i n  1978 and 1979. 

N e i ' s  gene t i c  d i s t ance  above d iagonal  
Average heterozygosi  t y  on d iagonal  i n  ( ) 
Genet ic i d e n t i t y  below d iagonal  

1 2 3 4 5 6 7 8 9 10 11 

1. D i  sappearance ( -0210) .0032* .0005 .0007 .0006 .0002 .0002 .0022* .0017* .0011* .0015* 

2. C r y s t a l  .9968 ( .0334) .0003* .0017* .0020* .0033* .0025* .0018 .0011 .0016* .0020* 

3. Kupreanof .9995 ,9970 (.0270) .0009 .0004 .0008 -0009 .0028 .0020 .0011 .0018* 

I 
4. C lear  .9993 .9983 .9991 (.0205) .0004 .0007 .0003 .0019* .0016* .0010* .0013* 

Lo 

5. Kadashan .9994 .9980 .9996 .9996 (.0255) .0006 .0005 .0020* .0011* .0004 .0007 

6. Prospect .9998 .9967 .9992 -9993 .9994 (.0174) .0002 .0020 .0015 .0010 .0013* 

7. Limestone .9998 -9975 .9991 .9997 .9995 .9998 (.0190) .0019* .0015* .0009* .0012* 

8. Crooked .9978 .9990 .9972 .9981 .9980 .9980 .9982 ( -0354) .0005 .0011* .0012 

9. Kizhuyak .9982 .9989 .9980 .9984 .9989 .9985 ,9985 .9995 (.0320) .0003 .0005 

10. Russel l  .9989 .9984 .9989 .9990 .9996 .999 1 .9991 -9989 .9997 ( .0298) .0002 

11. D e l t a  .9985 .9980 -9982 .9987 .9993 -9987 .9988 .9988 .9995 .9998 ( .0306) 

*Genet ic d i s t ance  s i g n i f i c a n t l y  d i f f e r e n t  f rom 0. 



breeders. A decrease i n  genetic var ia t ion i s  therefore expected t o  r e s u l t  
i n  a reduction of f i t ne s s .  Average heterozygosity, which we have calculated 
fo r  a l l  populations, i s  a d i r ec t  measure of genetic var ia t ion.  Mutation, 
migration (gene flow),  se lec t ion ,  inbreeding, and small population s i ze  or  
population bottlenecks a re  a l l  forces t h a t  may change the genetic s t ruc ture  
of a population. In wild populations these forces are  apparently i n  equi- 
librium, and the genetic s t ruc ture  i s  usually s tab le .  Allendorf and Utter 
(1 979) reported t h a t  average heterozygosi t i e s  calculated fo r  a var ie ty  of 
hatchery and wild rainbow t rou t  populations were, w i t h  but one exception, 
consistent .  The one exception was a hatchery population with an extremely 
low average heterozygosi t y  . Ar t i f i c i a l  se lec t ion ,  inbreeding, and small pop- 
ulat ion numbers a r e  most 1 i kely t o  cause loss  of genetic var ia t ion i n  a hatch- 
ery stock. The exceptional population i s  known t o  have been subjected to  
intense a r t i f i c i a l  se lec t ion ,  and as  a consequenc-, reduced population s i ze .  
With proper management of hatchery brood stocks this s t a t i s t i c  ( H )  - should 
remain constant. 

Over the  2 years in  which genetic data were col lected,  average heterozygosities 
were not constant. In 1979 populations, H ranged from 3.0-3.5%, remaining 
r e l a t i ve ly  consistent .  The mean taken over a l l  stocks f o r  1979 data was 
H = 3.2%. This i s  identical  t o  t h a t  reported by Altukov i n  work done i n  the  - 
Soviet Union (reported in Allendorf and Utter 1979). The inconsistencies in 
the  1978 populations probably r e f l e c t  e i t he r  an inadequate sample s i ze  o r ,  
more l i ke ly ,  an i n i t i a l  lack of fami l ia r i ty  with the techniques used. With 
continual refinement of the  techniques and an increase in the number of loci  
examined, a be t te r  estimate of H wil l  be a t t a ined ,  hence a more accurate pic- 
t u r e  of the  biochemical genetic-structure of chum salmon brood stocks. 

In addition t o  use as qua l i ty  control indicators ,  genetic p rof i l es  provide 
valuable information on the genetic s t ruc ture  of wild populations. Genetic 
distances were calculated f o r  a l l  population combinations (Table 5 ,  6 ,  and 7 ) .  
A genetic distance of D = 0 occurs when two populations have the  same a l l e l e s  
w i t h  the same frequencies a t  a l l  l o c i ;  and D = 1 indicates t ha t  they have no 
common a l l e l e s  a t  any locus. If the  two stocks being compared a r e  sexually 
isola ted ( i  . e . ,  s t raying = O ) ,  and the r a t e  of gene subst i tu t ion per locus i s  
the same for  a l l  l o c i ,  D would measure the to ta l  number of gene subs t i tu t ions  
or codon differences per locus (Nei 1972). Apparently nei ther  of the assump- 
t ions  i s  t rue .  However, genetic distance i s  a r e l a t i ve  measure of genetic 
divergence or  population s t ructur ing.  

Crystal Creek in Southeastern Alaska was sampled in both 1978 and 1979. 
Because the data f o r  1979 were much more complete and, therefore ,  more r e l i -  
able ,  1979 Crystal Lake gene frequency data were used in calcula t ing a l l  
comparisons. The s ign i f ican t  differences between Crystal Creek and South- 
eastern Alaska chum populations collected in 1978 a r e  probably a re f lec t ion  
of sample and technique differences ra ther  than t rue  genetic distances.  
Table 5 was broken down by year sampled, and each yea r ' s  data were examined 
separately (Tables 6 and 7 ) .  Samples collected i n  1978 were a l l  from South- 
eastern Alaska stocks. This may suggest t ha t  Southeastern chum salmon are 
homogeneous, b u t  i t  probably r e f l e c t s  poor samples, problems with the techni- 
que i n  1978 data as  suggested above, or both. The low average heterozygosity 
estimates seem t o  indicate  t h a t  problems of technique were the  primary cause. 



Table 6. Genetic distance and average heterozygosity of chum salmon 
populations sampled in 1978. 

Nei ' s  "D" (Genetic Distance) above the diagonal. 
H (Average Heterozygosi t y  ) on the diagonal . - 

( 1 )  ( 3 )  ( 4 )  ( 5 )  ( 6 )  ( 7 )  

Disappearance ( 1 )  ( ,0210) .0005 .0007 .0006 .0002 .0002 

W .  Kupreanof ( 3 )  ( ,0270) .0009 .0004 .0008 .0009 

Clear ( 4 )  ( .0205) .0004 .0007 .0003 

Kadashan ( 5 )  ( .0255) .0006 .0005 

Prospect ( 6 )  ( ,0174) .0002 

Limestone ( 7 )  ( .0190) 

Table 7. Genetic distance and average heterozygosity of chum salmon 
populations sampled in 1979. 

Nei ' s "DM (Genetic Distance) above the diagonal . 
H (Average Heterozygosi ty  ) on the diagonal . - 

( 2 )  (8)  ( 9 )  (10 )  (11) 

Crystal ( 2 )  .0334 .0010 .0011 .0016* .002 l* 

Crooked ( 8 )  .0354 .0005 .0011* .0012 

Kizuyak ( 9 )  ,0320 .0003 ,0006 

Russeql ( 1 0 )  .0298 .0002 

Delta (11)  .0307 

*Genetic d.i stance s ign i f i can t ly  d i f f e r en t  from 0. 



When comparing the populations col lected,  three were s ign i f ican t ly  d i f fe ren t  
from zero (Table 7 ) .  These indicate  t ha t  there are real  differences between 
populations a t  l e a s t  when samples a re  taken over a broad geographic area.  
When a11 1979 distance values are  included there i s  a corre la t ion between 
genetic distance and geographic distance ( r  = .77).  This re la t ionship  can 
be adequately explained by random genetic d r i f t  without invoking natural 
se lect ion or  environmental c l  ines (Chri st iansen and Frydenberg 1974). [Recall 
t ha t  genetic d r i f t  r e fe r s  t o  chance var ia t ion in a l l e l e  frequency. These 
f luctuat ions  a r e  most l i ke ly  t o  occur as  a r e s u l t  of random sampling among 
gametes i n  small populations (sampling e r ro r ) ] .  Sampling addit ional  popul a- 
t ions  and more complete frequency data may show other geographic patterns and 
systematic relat ionshi ps among populations. 
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